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Abstract
The supersymmetric flavor problem is elegantly solved by the decoupling sce-
nario, where the first-two generation sfermions are much heavier than the third
generation ones. However, such a mass spectrum is not stable against renormaliza-
tion group evolution and causes extreme fine-tuning of the electroweak symmetry
breaking. We present a mechanism which stabilizes the mass spectrum with such
a large splitting, by introducing extra vector-like chiral multiplets of masses com-
parable to the first-two generation sfermions. The explicit models are constructed
in a framework of the anomalous U(1) SUSY-breaking model.
1 Introduction
Supersymmetry (SUSY) stabilizes the electroweak scale against large radiative correc-
tions, and it also provides the gauge coupling unification. However, introducing arbitrary
SUSY-breaking masses of the order of the weak scale for squarks and sleptons generi-
cally causes large flavor-changing neutral currents (FCNCs) which cannot be accepted
experimentally. Thus, SUSY-breaking masses for these superpartners have to take some
special patterns.
One frequent choice is that all sfermions which have the same standard-model quan-
tum number are, to high accuracy, degenerate in mass. This case occurs in the so-called
minimal SUGRA models or gauge mediation models, and its phenomenology has been
investigated extensively. There are, however, other scenarios which naturally accomplish
the suppression of FCNCs. Among them, here we focus on a very simple possibility
called the “decoupling scenario” [1] in which squarks and sleptons have a hierarchy like
quarks and leptons, but inverted. That is, the first and second generation squarks and
sleptons are much heavier than the third generation ones. This solves the flavor prob-
lems elegantly, since the existing stringent experimental limits for flavor violation come
from processes which include the first-two generation particles. Furthermore, raising the
first-two generation sfermion masses does not introduce naturalness problem at one loop,
since the first-two generation particles couple to the Higgs particle very weakly so that
diagrams which induce Higgs masses are suppressed by small Yukawa couplings. Thus,
it would be very interesting if we could construct models in which the heaviness of the
first-two generation squarks and sleptons are intimately related to the lightness of the
first-two generation quarks and leptons.
It has, however, been pointed out that the mass spectrum of heavy first-two gen-
eration sfermions is not stable against renormalization-group (RG) evolutions [2, 3].
Two-loop RG equations for the third generation squark and Higgs mass squareds tend
to drive them negative at infra red, causing color-breaking or naturalness problem. In
this talk, we propose a solution to this problem, introducing extra vector-like quarks
whose masses are around the multi-TeV region [4]. We use the anomalous U(1) SUSY
breaking model in order to demonstrate our point, since the mass spectrum of heavy first-
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two generations is easily obtained in this model. Our mechanism may also be applied to
some of other models [5, 6] which generate such a mass spectrum.
2 Anomalous U(1) SUSY-breaking model
2.1 Sfermion and fermion mass spectrum
First, we briefly review the anomalous U(1) SUSY breaking model [7, 8]. In perturbative
heterotic string theories, the so-called anomalous U(1), U(1)A, frequently appears in
their low-energy effective theories. The matter content is anomalous under this U(1)
symmetry, but its anomaly is canceled by a shift of the dilaton field [9]. Furthermore, a
nonzero Fayet-Iliopoulos D-term, ξ, is generated radiatively [10]. This term has a scale
somewhat smaller than the reduced Planck scale, Mpl, and we parameterize it as
ξ2 = g2A
TrQA
192π2
M2pl ≡ ǫ
2M2pl, (1)
where ǫ is O(0.1).
The model has the following matter content. Among the standard-model fields qi
(i = 1, 2, 3: generation index), only the first-two generation particles have a nonzero
U(1)A charge of +1. We further introduce hyperquark fields Q and Q¯ with positive
U(1)A charges which feel some hypercolor gauge interactions, and we prepare a singlet
field φ with a U(1)A charge of −1. Then, the relevant part of the D-term potential VD
is written as
VD =
g2A
2
(
ξ2 − |φ|2 + |q1|
2 + |q2|
2
)2
, (2)
where gA is the gauge coupling of the U(1)A.
The superpotential is given as
W ≃
1
2Mpl
QQ¯φ2. (3)
The hyperquarks Q and Q¯ feel a strong hypercolor gauge interaction and develop vacuum
expectation values [7]. As a result, the φ field obtains a supersymmetric mass term,
M ≡
〈
QQ¯
〉
/Mpl, whose size is determined by the dynamical scale of the hypercolor
gauge interaction and we set M ≃ (1 − 10) TeV. Then, due to this SUSY mass term,
the φ field cannot absorb ξ completely in Eq. (2), (〈|φ|2〉 = ξ2−M2/g2A), and a nonzero
2
D-term of order M remains (〈DA〉 = M
2/g2A), which gives the first-two generation
sfermions soft SUSY-breaking masses of order M . The F -term of the φ field is given as
|Fφ| = M 〈φ〉 ≃Mξ, and it also contributes to the soft masses through nonrenormalizable
interactions as in the usual gravity-mediation scenario.
The resulting mass spectrum is as follows:


m2q˜1 , m
2
q˜2
≃ g2A 〈DA〉+
〈|Fφ|〉
2
M2
pl
≃ M2 ∼ (103 − 104 GeV)2,
m2q˜3, m
2
h ≃
〈|Fφ|〉
2
M2
pl
≃ ǫ2M2 ∼ (102 − 103 GeV)2.
(4)
All scalar masses have contributions of order ǫM from the F -term of the φ field. However,
the first-two generation ones have an extra contribution of order M from the D-term, so
that the decoupling scenario is realized.1
Let us now consider the quark and lepton masses. Since the first-two generation
quark and lepton fields have nonvanishing U(1)A charges, their Yukawa couplings to the
Higgs field must involve the φ fields as
WYukawa ≃
(
φ
Mpl
)2
q1q1H +
(
φ
Mpl
)2
q1q2H +
(
φ
Mpl
)
q1q3H
+
(
φ
Mpl
)2
q2q1H +
(
φ
Mpl
)2
q2q2H +
(
φ
Mpl
)
q2q3H
+
(
φ
Mpl
)
q3q1H +
(
φ
Mpl
)
q3q2H + q3q3H.
(5)
As a result, the quark and lepton mass matrices, Mq, have suppression factors due to
the small number φ/Mpl, and we obtain semi-realistic mass matrices as
Mq ≃

 ǫ
2 ǫ2 ǫ
ǫ2 ǫ2 ǫ
ǫ ǫ 1

 〈H〉 . (6)
That is, in the anomalous U(1) SUSY breaking scenario, heaviness of the first-two
generation squarks and sleptons is related to the lightness of the first-two generation
quarks and leptons through their U(1)A charges.
1 Here, we have neglected the F -term of the dilaton field, and it must be considered in the full
treatment of the model [11]. However, depending on the Ka¨hler potential for the dilaton field, the
F -term of the dilaton field can be much smaller than the D-term considered here and can be neglected
[12].
3
2.2 Color-Breaking Problem
Although the anomalous U(1) SUSY breaking scenario has many interesting features,
it suffers from several problems. These problems are concerning the stability of the
mass spectrum of heavy first-two generation sfermions against the RG evolution. In this
section, we look at these problems briefly.
First, it has been pointed out that the two-loop RG equations tend to drive the third
generation sfermion mass squareds negative at infra red [2]. The actual equations are
given as
d
dlnµ
m˜2q3 ≃ 32
3∑
i=1
(
g2i
16π2
)2
Cim˜
2
q1,q2
. (7)
Here, Ci are quadratic Casimir coefficients for the representation to which a given third-
generation particle belongs. Although the two-loop factor (g2i /16π
2)2 is small, the first-
two generation sfermion masses are much larger than the third generation ones (m˜q1,q2 ≫
m˜q3), so that the RG evolution from the Planck to the TeV scale can give large negative
contributions to the third generation sfermion mass squareds. The situation can also be
described as follows. In order to solve SUSY flavor problem by the decoupling scenario,
we have to raise the first-two generation sfermion masses above tens of TeV. Then, in
order not to cause color breaking, we have to raise the third generation squark masses
up to several TeV, which results in the extreme fine-tuning of the electroweak symmetry
breaking.
A similar problem also resides in the RG running of the Higgs particles [3]. Two-loop
RG equations from the heavy sfermion loop also give large negative contributions to
the Higgs doublets. Thus, severe fine-tuning of the electroweak symmetry breaking is
required when the first-two generation sfermions are heavier than several TeV.
3 Solution to the problems
3.1 The model
In this section, we present a model [4] which can solve the above problems. If we look at
the two-loop RG equations for the third-generation squark mass squareds, they contain
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dangerous part such as
d
dlnµ
m˜2q3 ≃ 8
(
g23
16π2
)2
C3
∑
r
m˜2rTr, (8)
where Tr is half of the Dynkin index of the representation r (T
(r)
a T
(r)
b = Trδab). This is
written as something like the sum of the SUSY breaking mass squareds. Thus, we find
that if we introduce extra quark fields qex and q¯ex which have negative SUSY-breaking
mass squareds satisfying the relation,
∑
r
m˜2rTr ∝
∑
r
QrTr = 0, (9)
then the third generation squarks do not get large RG contributions from the heavy
sfermions. Here, Qr are U(1)A charges for the matter r, and the sum is taken over heavy
first-two generation sfermions and extra squarks. Since the SUSY-breaking masses for
heavy sfermions are determined by their U(1)A charges, this relation is written in terms
of the U(1)A charges of the various fields. Note that the quantities, m˜
2
r, which appear
in the right-hand side of Eq. (8) are the soft SUSY breaking mass squareds and not the
scalar mass squareds themselves, so that if we have sufficient supersymmetric masses for
the extra quarks, qex and q¯ex, the extra squarks are not destabilized and do not develop
nonzero vacuum expectation values.
Eq. (8) represents two-loop contributions from SU(3)C gauge loops only, but the
introduction of extra quarks satisfying Eq. (9) also shut off those from SU(2)L gauge
loops. However, the parts which contain a U(1) hypercharge gauge interaction need
special care, since the D-term of the U(1) hypercharge also causes a large RG running.
We can also shut off this contribution by appropriately choosing the U(1)A charges of
the extra quarks as {∑
rQrYr = 0∑
rQrYrCr = 0,
(10)
up to the two-loop order. Here, Yr are the hypercharges for the matter r, and Cr are
given as T(r)a T
(r)
a = Cr1. Then, the third-generation sfermions and Higgs particles do
not receive large RG contributions from gauge loops up to the two-loop order.
Now, we can construct the explicit model along the above schematic. An example of
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the matter content which realizes the RG stability is the following:

standard model fields : q1(+1), q2(+1), q3(0) [3× (5
∗ + 10)],
extra quark fields : qex(−2), q¯ex(−2) [2× (5+ 5
∗)],
singlet fields : φ1(−1), φ2(−3),
(11)
where the numbers in square brackets denote the transformation properties under the
standard-model gauge groups using SU(5)GUT notation. That is, we assign the U(1)A
charge of +1 to the first-two generation standard-model fields as before. But now, we
further introduce extra vector-like quarks which have negative U(1)A charges in order to
satisfy the conditions Eqs. (9, 10) of shutting off the large renormalization effects on the
light sfermions. We also introduce singlet fields to absorb the Fayet-Iliopoulos D-term,
ξ.
The superpotential and D-term potential can be roughly written as2
W = M (fφφ1φ2 + fqqexq¯ex) (12)
VD =
g2A
2
(
ξ2 − |φ1|
2 − 3|φ2|
2 + |q1|
2 + |q2|
2 − 2|qex|
2 − 2|q¯ex|
2
)2
. (13)
The mass parameter M arises from the condensation of the hyperquark fields, Q and Q¯,
as before. Of course, we have to minimize the full potential including the hyperquark
sector, but after that the essential parts of the superpotential and D-term potential can
be written as in Eqs. (12, 13). Then, we can see that the following things occur. If the
coupling fq is sufficiently larger than fφ, there is a minimum of the potential in which
only the φ fields (φ1 and φ2) shift to absorb the Fayet-Iliopoulos term, ξ, and qex and
q¯ex fields do not develop vacuum expectation values. Since the φ fields cannot absorb ξ
completely due to the presence of the SUSY mass term, M , a nonzero D-term of order
fφM remains (〈DA〉 ≃ (fφM)
2/g2A), which gives the first-two generation sfermions and
extra vector-like squarks positive and negative SUSY breaking mass squareds of order
fφM , respectively.
3 Note that the supersymmetric masses for the extra quarks are fqM ,
so that their scalar components have positive mass squareds as long as fq > 2fφ.
2 This model has an axion-like particle associated with an anomalous global U(1) symmetry: φ1 →
e
iαφ1, φ2 → e
−iαφ2. (This U(1) is anomalous, since qanom and q¯anom also transform under this U(1)
symmetry, see Eq. (19)). This particle is absent, if we use the superpotential W =M(fφφ
4
1
+ fqqexq¯ex)
instead of Eq. (12) [4].
3 In this vacuum, it can be shown that both φ1 and φ2 have vacuum expectation values of order ξ,
by minimizing the full potential including the hyper-quark sector [4]. Then, 〈φ1〉 provides the hierarchy
of quark and lepton masses as in Eq. (5).
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To summarize, the resulting mass spectrum is as follows:


Mqex,q¯ex ≃ fqM ∼ (10
3 − 104 GeV)2,
m2q˜ex, m
2
˜¯qex
, ≃ (f 2q − 2f
2
φ)M
2 ∼ (103 − 104 GeV)2,
m2q˜1, m
2
q˜2
, ≃ f 2φM
2 ∼ (103 − 104 GeV)2,
m2q˜3 , m
2
h ≃ f
2
φǫ
2M2 ∼ (102 − 103 GeV)2.
(14)
The third generation sfermion masses are around the weak scale, while the first and
second generation sfermions have somewhat larger masses of order (1 − 10) TeV. In
addition, there are complete SUSY multiplets of extra quarks of which both fermion and
scalar components have masses comparable to the first-two generation squarks as long
as fq and fφ are the same order.
3.2 All-order running
We have shown that we could shut off dangerous two-loop RG effects by introducing extra
vector-like quarks. Interestingly enough, however, if the condition Eq. (9) is satisfied, the
dangerous renormalization runnings purely from SU(3)C and SU(2)L gauge interactions
are shut off at all orders. We can see it by taking the “analytic continuation into
superspace” scheme [13] as follows. In this scheme, we can promote the gauge couplings
and the wave function renormalizations to the superfields, and we can consider their
F - and D-components as the gaugino masses and soft SUSY-breaking sfermion mass
squareds, respectively. The RG equations for the wave function renormalizations Z are
schematically written in terms of the gauge coupling constants, neglecting the small
contributions from Yukawa couplings, as
dlnZ
dlnµ
= γ(g2). (15)
Then, we can promote them to the superfields as
dlnZ
dlnµ
= γ

(S + S† − 1
4π2
∑
r
lnZrTr
)−1 , (16)
where Z is the superfields whose lowest components are the wave function renormal-
izations Z. After that, we can take θ4 components of both sides and obtain the RG
equations for the sfermion mass squareds. If we neglect the small contributions from
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gaugino masses, we see that the RG equations for the sfermion masses,
dm˜2
dlnµ
=
g4
4π2
γ′(g2)
∑
r
m˜2rTr, (17)
are proportional to the expression
∑
r m˜
2
rTr. This is the very sum which we have set
equal to zero in order to shut off the two-loop contributions (see Eq. (9)).
As we saw, however, we need care when we deal with the U(1) hypercharge, since
the squark masses can also get large RG contribution from the D-term of the U(1)
hypercharge through the following operators,
W =
∑
r
∫
d2θ
Yr
32π2
ln
Λ
µZr
WαY
(
−
1
4
D¯2DαlnZr
)
. (18)
However, we can always shut off this contribution up to the two-loop order by choosing
appropriate charges for the extra quark fields as given in Eqs. (10).
Thus, the remaining RG contributions from gauge loops are O(α3α2αY ). In addition,
we also have the Yukawa coupling contributions, but these are sufficiently small.4
3.3 About U(1)A mixed anomalies
One might have realized that the condition Eq. (9) corresponds to vanishing U(1)A
mixed anomalies and considered that it is contradicted by the fact that U(1)A is the
“anomalous” U(1) gauge symmetry. However, it is not necessarily a contradiction. Since
U(1)A is broken down at very high energy scale of order ξ, it does not mean that the
matter content is anomalous below ξ scale. That is, if we introduce fields qanom and q¯anom
of masses of order ξ, which induce U(1)A mixed anomalies, by the superpotential
W ∼ 〈φ〉 qanomq¯anom, (19)
then we can match the anomalies as required by the anomalous U(1) symmetry, keeping
Eqs. (9, 10) satisfied between two scalesM and ξ. What is better, it also induces gaugino
masses through gauge mediation [15, 4], since the φ fields have both the lowest and F -
component vacuum expectation values. The resulting gaugino masses are around the
weak scale.
4 Actually, the light sfermion masses also receive finite contributions from heavy-sfermion and extra-
squark masses through gauge two-loop diagrams, so that we cannot push up the first-two generation
sfermion masses above ≃ (10− 20) TeV without fine-tuning [14].
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The whole spectrum of the model is the following. The gaugino, third generation
sfermions and Higgs masses are all of the order of the weak scale, while the first-two
generation sfermion masses are around the multi-TeV region, hence solving the flavor
problem. In addition, in our model we have complete SUSY multiplets of extra quarks
around the multi-TeV region whose masses are almost the same order with those of the
first-two generation sfermions.
4 Phenomenology
4.1 More realistic quark and lepton mass matrices
Since we can always shut off dangerous two-loop renormalization contributions by choos-
ing appropriate U(1)A charges for the extra quark fields, we can obtain more realistic
quark and lepton mass matrices by assigning various U(1)A charges to the standard-
model fields [4, 14, 16]. Then, the RG contributions from Yukawa couplings and vari-
ous threshold corrections determine how large we can push up the first-two generation
sfermion masses without extreme fine-tuning.
Three examples of such charge assignments are given in Table 1, where 10i and 5
∗
i
(i = 1, 2, 3) represent the standard-model fields which transform 10 and 5∗ under the
SU(5)GUT. The U(1)A charges for the extra quark fields are determined to satisfy Eqs. (9,
10).5 The charge assignments of case 2 and case 3 are motivated by the observed large
mixing of atmospheric neutrino oscillation (νµ ↔ ντ ) [17], and small tanβ is required in
these two cases. The case 3 is known to reproduce well the observed quark and lepton
masses and mixings [18]. Even in these cases, we can reduce the fine-tuning of the
electroweak symmetry breaking by introducing extra quark fields qex and q¯ex satisfying
constraints from FCNCs, although evading the bound from ǫK requires somewhat small
phases or severer fine-tuning [14].6
5 Here, we have introduced a pair of extra vector-like quark fields. If we introduce n pairs of them,
their U(1)A charges are 1/n times those in Table 1.
6 In the case 1 and case 3, there is no charge-conjugation symmetry, qex ↔ q¯ex, in the extra-quark
sector. Thus, the finite U(1)-hypercharge D-term is generated at one loop due to the mass splitting
between the down-type and lepton-type extra squarks generated by the RG evolution below the GUT
scale.
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Table 1: The U(1)A charges for the standard-model, extra quark and singlet fields.
fields 101 102 103 5
∗
1
5
∗
2
5
∗
3
qex q¯ex φ1 φ2
case 1 2 1 0 1 1 0 −6 −5 −1 −10
case 2 2 1 0 1 1 1 −6 −6 −1 −11
case 3 2 1 0 2 1 1 −6 −7 −1 −12
4.2 Experimental signatures
The phenomenology of the decoupling scenario has been investigated by many authors
[19, 20, 21]. It includes nonstandard contributions to the CP violation in B-physics
[19], cosmology [20] and so on. Among them, here we mention one thing which may
become relevant in future collider experiments. In the decoupling scenario, the first-two
generation sfermions are rather heavy of masses at the multi-TeV scale, so that these
particles will be beyond the reach of future colliders. Even then, however, these particles
induce non-decoupling effects that the gauge-boson and gaugino couplings are not equal
at the weak scale. These effects grow logarithmically with the superpartner masses and
can be seen at future collider experiments [21]. Furthermore, in our case the extra quarks
can also contribute to the deviation of gauge-boson and gaugino couplings significantly
due to large mass splittings within their SUSY multiplets. Thus, even the existence of
extra quarks might be explored by seeing the deviation of two couplings which cannot
be due simply to the standard-model superpartners.
5 Conclusion
The soft SUSY-breaking masses in the supersymmetric standard model generically in-
duce too much FCNCs, so that it requires sfermion mass matrices to take some special
forms. Here, we have paid attention to the so-called decoupling scenario, where the
first-two generation sfermions are much heavier than the third generation ones. This is
achieved in the anomalous U(1) SUSY breaking model in which the hierarchies of the
sfermions and fermions are related through U(1)A charges.
It has, however, had several problems. Among them, the most severe one is that the
third generation squark mass squareds receive large RG contributions from the heavy
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first-two generation ones, and it results in the fine-tuning of the electroweak symmetry
breaking. We could shut off these large renormalization effects by introducing extra
quarks which have negative SUSY breaking mass squareds.
The present scenario has some phenomenological consequences, and it predicts com-
plete SUSY multiplets of extra quarks of masses comparable to those of the first-two
generation squarks and sleptons.
Acknowledgments
I would like to thank my collaborators, J. Hisano and K. Kurosawa, in the work this talk
is based on. I also would like to thank H. Murayama, N. Polonsky and L. Roszkowski
for discussions.
References
[1] M. Dine, A. Kagan and S. Samuel, Phys. Lett. B 243, 250 (1990); S. Dimopoulos
and G.F. Giudice, Phys. Lett. B 357, 573 (1995); A. Pomarol and D. Tommasini,
Nucl. Phys. B 466, 3 (1996); A. Cohen, D.B. Kaplan and A.E. Nelson, Phys. Lett.
B 388, 588 (1996).
[2] N. Arkani-Hamed and H. Murayama, Phys. Rev. D 56, 6733 (1997); K. Agashe and
M. Graesser, Phys. Rev. D 59, 015007 (1999).
[3] S. Dimopoulos and G.F. Giudice, Ref. [1].
[4] J. Hisano, K. Kurosawa and Y. Nomura, Phys. Lett. B 445, 316 (1999).
[5] J.L. Feng, C. Kolda and N. Polonsky, Nucl. Phys. B 546, 3 (1999); J. Bagger, J.L.
Feng and N. Polonsky, hep-ph/9905292.
[6] D.E. Kaplan, F. Lepeintre, A. Masiero, A.E. Nelson and A. Riotto, Phys. Rev. D
60, 055003 (1999); D.E. Kaplan and G.D. Kribs, hep-ph/9906341.
[7] P. Binetruy and E. Dudas, Phys. Lett. B 389, 503 (1996).
[8] G. Dvali and A. Pomarol, Phys. Rev. Lett. 77, 3728 (1996); R.N. Mohapatra and
A. Riotto, Phys. Rev. D 55, 1138 (1997); Phys. Rev. D 55, 4262 (1997).
11
[9] M.B. Green and J.H. Schwarz, Phys. Lett. B 149, 117 (1984).
[10] M. Dine, N. Seiberg and E. Witten, Nucl. Phys. B 289, 589 (1987); J. Atick, L.
Dixon and A. Sen, Nucl. Phys. B 292, 109 (1987); M. Dine, I. Ichinose and N.
Seiberg, Nucl. Phys. B 293, 253 (1987).
[11] N. Arkani-Hamed, M. Dine and S.P. Martin, Phys. Lett. B 431, 329 (1998).
[12] T. Barreiro, B. de Carlos, J.A. Casas and J.M. Moreno, Phys. Lett. B 445, 82
(1998).
[13] N. Arkani-Hamed, G.F. Giudice, M.A. Luty and R. Rattazzi, Phys. Rev. D 58,
115005 (1998); N. Arkani-Hamed and R. Rattazzi, Phys. Lett. B 454, 290 (1999).
[14] J. Hisano, K. Kurosawa and Y. Nomura, in preparation.
[15] G. Dvali and A. Pomarol, Nucl. Phys. B 522, 3 (1998); S. Raby and K. Tobe, Phys.
Lett. B 437, 337 (1998).
[16] See also, R.-J. Zhang, Phys. Lett. B 402, 101 (1997); A.E. Nelson and D. Wright,
Phys. Rev. D 56, 1598 (1997).
[17] Super-Kamiokande Collaboration, Y. Fukuda et al., Phys. Rev. Lett. 81, 1562
(1998).
[18] T. Yanagida and J. Sato, in Proc. of 18th International Conference on Neutrino
Physics and Astrophysics (NEUTRINO 98), eds. Y. Suzuki and Y. Totsuka (North-
Holland, Amsterdam, the Netherlands, 1999).
[19] A.G. Cohen, D.B. Kaplan, F. Lepeintre and A.E. Nelson, Phys. Rev. Lett. 78, 2300
(1997); Y. Grossman and M.P. Worah, Phys. Lett. B 395, 241 (1997).
[20] T. Gherghetta, A. Riotto and L. Roszkowski, Phys. Lett. B 440, 287 (1998).
[21] K. Hikasa and Y. Nakamura, Z. Phys. C 70, 139 (1996), Erratum-ibid. C 71, 356
(1996); M.M. Nojiri, K. Fujii and T. Tsukamoto, Phys. Rev. D 54, 6756 (1996);
H.-C. Cheng, J.L. Feng and N. Polonsky, Phys. Rev. D 56, 6875 (1997); Phys. Rev.
D 57, 152 (1998); E. Katz, L. Randall and S. Su, Nucl. Phys. B 536, 3 (1998).
12
